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® Polyaihylaiw and nMttwd of preductlon theraot 

© A pdyetliylene, having 1 to 60 metttyi branches and 1 to 60 hexyl or higher branches per 1000 carbon 
atoms, a g^alue of 0.5 to OA and a Rn^ting viscosity [ ] of 0X05 to ZOJO dl^ as measured at 140* C In o- 
dichlorobenzene, and a method fbr producing the same poiymerlzing ediyiene using a catalyst system 
comprising a coordination nickel compound of zero- or two^alent nickel and m aminobi8(imlno)phoephorane 
represented by a general formula (I): 
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where R\ R', R' and R^ may be the same or different from each other arvil represent n-alkyl. isoalkyi, aryl 
or trialkylsllyl, groups, and the polymerization is carried out In the presence of ordefin. 
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POLYETHYLENE AND METHOD OF PRODUCTION THEREOF 



Background of the Invonllon: 



RekJ of the trrventlon: 

5 

The preaent inventicn relates to a polyethylene having a novel branching strxicture, and a method of 
production thereof. More specffically, the present Invention relates to production of a polyethylene having a 
novel branchirig structure k>y polyniertzlng ethylene by employing a special catalyst system with an superior 
pofymertzation activity. The polyethylene of the present Invention Is useful as inflation films, injection- 
10 molded articles, bloiw-nfM)lded articles, extrusion-coating materials, polymer blending materials, etc in the 
same nwiner as conventional polyethylenes. 



Description of the Related Art: 

rs 

Generally, polymerization of ethylene by a racScai initiator at a very high temperatum under a very high 
pressure gives a polyethylene having branched chains of length comparable with that of the main chain 
thereof. On the other hand, polymerization of ethylene with a Ziegler-Natta catalyst under a low preasure 
gives a polyethylene having almost no branches. 

20 For the purpose of producing a branched polyethylene by a method using a 23egler-Natta catalyst 
ethylene ia copolymerlzed generally with an orolefin. The resulting polyethylene, however, does not have a 
long branch as that of the polyethylene produced by radicat polymerization. 

In an attempt to produce a bw^presswe polyethylena having such a }ong branched chain, ethylene Is 
oltgomerized. for example, by a nickel catalyst disclosed In Japanese Laid-open Patent Application No. 63- 

as 12607 (1888), and the resultant oligomers are copolymerlzed with ethylene by a Or catalyst TNs method, 
howev^. does not gives a brroh having a length comparable with ttiat produced by a radical polymeriza- 
tion. 



30 Summary ol the invention: 

An object of the present invention is to provide a polyethylene having a novel t>ranching structure. 

Anottier object of the present invention Is to provide a metixxi lor producing a polyethylene having a 
novel branching structure. 

According to an aspect of ttte present invention, tiiere is provided a polyettiylene, having 1 to 60 methyl 
branches and 1 to 60 hexyi or higher branches per 1000 cartxm atoms, a g-valua of 0.5 to 0.a and a 
limiting viscosity M of 0.006 to 20.0 dl^ as measured at 140 * C in o<achlorobenzene. 

According to another aspect of the present invention, there Is provided a mettKxi for producing a 
polyethylene, by polymerizing ettiylene employing a catalyst system conrH)rising a coordination nickel 
40 compound of zero- or two-valent nickel and an aminobi8(imino)pho8phorane represented by the general 
formula (I): 

60 where Ri. Ra. R« and R* may be the same wfth or diflerent from each otiier, and are respectively n-alkyl, 
isoalkyi, aryl or trialkylsllyt. in the presenco of an crolefin. 



Brief Description of the Drawtngs: 
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Rg. 1 ahows the "C-NMR spectrum of the polyethylene produced in Example 1. 

Detailed Deeoiption of the fnventton: 

s The polyethylerw of the present Invention as mentioned above is produced by polymerization of 
ethylene under a tow pressure. A polyethylene having such a structure has not been produced under a low 
pressure until now. 

The polyethylene of the present Invention has, as short chain branches, 1 to 80 methyl brarKhes and 1 
to 60 hexyl or higher branches per 1000 carbons. The existence of such branches is confirmed by ^'C- 
ro NMR, and the assignment of these branches is made according to. for example, the disclosure of 
J.C.RandaU: J.Polym.Sd.. Polymn.Phys.Ed.. 11. 275 (1073). 

The existence of long chain branches in the structure of the polyethylene is suggested, ff the 
polyethylene has a g-value of less than 1: the g-value being defined by g^Mnh where Mi denotes a 
limiting viscosity of a linear polyethylene and M denotes a Umlting viscosity of the branched polyethylene 
15 having the same melt index. The polyethylene of the present invention has a g-vakie of from 0^ to 0.6. 
which suggests the existence of long chain branches having a chain length comparable wHh the length of 
the main chain. The polyethylene of the. present invention has substanttalty no ethyl branch and butyl 
branch which are found in the polyethylenes produced by radical polymerization at a high temperature 
under a high pressure, or the number of the branches having 2 to 5 carbon atoms in the polyethylene of the 
20 present invention is not more than 1 per 1000 carbon atoms, which also evidences the definite novelty of 
the present invention. 

The method for producing the polyethylene is described below. 

In the present invention, specific examples of the coordination nickel compounds of zero- or two-valent 
nidcel include biscyclooctadlenenicfcel. cyclododecatrienenlckel. cydooctatetraenenickel, bisallylntckel. etc. 
26 The 8nunobisOmino)phosphoranes represented by the general formula (I) specifically Includes bis- 
(trimethylsilyl)amino^trimethylsityttmtno)phosphorane. etc. These compounds can be prepared by the 
method, for example, described by OJ.Scherer, N.Kush: Chem. Ber. 107. 2123 (1974). 

In polymerization of ethylene employing the two component catalyst system, the ratio of the nickel 
compound and the aminot)i8(imino)phosphorBno is preferably in the range of from 1:1 to 1:100 (in molar 
JO ratk>). The respective components may be introduced into the polymerization vessel either In a form of an 
undissolved solid or In a form of a solution in a advent and the order of addition does not affect the 
structure of the polymer and the activity of the catalyst 

The o-oiefin to be added in the polymertzstton of ethylene is preferably an a-clefin having from 3 to 20 
cartxms. The specific examples are propylene, l-butene. 1-pentene. 1-hexene. 1-octene. 1-nonene, 1- 
35 decene. 4-methyl-1-penlene, etc. The amount of the o-oiefin to be used is not fimfted. However, the use 
thereof in an amount equimolar to nickel or more gives improvement of the catalyst adhrity. The or-olefln 
may be used also as a solvent for pdymerizatloru 

The polymerization of ethylene may be practiced either in a liquid phase or in a gas phase. The 
polymertzatkxi In a liquid phase is preferably conducted in an inert soh^nt The inert soh^ent may be any of 
40 the solvents whk:h are used In the related technical flekl. such as aUphatlc hydrocarbons of 4 to 20 cartxm, 
aromatic hydrocarbons. hak>genated hydrocarbons. The specific examples are hexane, heptane, pentane, 
octance, decane, cyctohexane, benzene, toluene, xylene, chk)robenzene. ethylene dk^k)ride, keroslne. etc. 

The preferable polymerizatk>n conditkm in the present inventton are a potymertzatkm temperahire of 
from -78 to 200 * C. and a polymerization pressure of from 1 to 200 kg/Scm^. 

46 

Detailed Description of the Preferred Embodiments: 

The present invention Is described bek)w in more detail refenrtng to examples without limiting it In any 
so way. 

Regarding the structure of the polyethylene produced according to the present inverttion. the short 
chain branches are identified by *'ONMR with the assignment on the basis of J.C.Randall: JPolym.Sd.. 
Polym-Phys. Ed.. 1 1 . 275 (1 973). 

The existence of long chain branches In the structure of the polyethylene Is indicated by the vakje of 
56 g-(?Kvli. where hh denotes a Imiting viscosity of a inear polyethylene and M denotes a nmhlng 
viscosity of the brarKhed polyethylene having the same melt index. The g-value of less than 1 suggests the 
existerK:6 of \onQ chain brandws. 
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Example 1 

Into a 2-llt8r magnettc-ttfrrBr-type stainless steel reactor, which had been purged sufficiently with 
nitroQen. thero were added SOO ml of toluene, 2.0 mmol of bta<1 ,5-cyclooctadlene)nickel. and 2.0 mmd of 
5 bi8(trtmethylsityf)amino-bl8(Uimethyt8llylimino)phophorane. The Inside temperature was adjusted to 20 * C. 
Thereto 65 ml of 1-hexene was added. Then ethylene was fed to maintain the inside pressure at 25 
kg/cm^G, and to cause polymerization reaction for 3 hours. 

After completksn of the reaction, the unraacted ethylene was removed, and the catalyst was de- 
composed wHh a hydrochloric add solution in methanol. The reaction mixture was poured Into methanol to 
10 recover the polymer. The recovered polymer was dried under vacuum for 8 houre to give 130 g of polymer. 
The melting point was 94^ *C as detamnined by difforentiat scanning calorimeter (OSC). and the limiting 
viscosity was \JOQ dlAg at 140 ' C In dchlorobenzene. 

Rg. 1 shows the *^NMR spectrum of the rasutttng polymer. The peaks resulting from methyl 
branches are found at 20.4 ppm, 27.5 ppm, 30.4 ppm, 33.2 ppm. and 37.5 ppm, and those resulting from 
IS hexyl and higher branches are found at 14,3 ppm, 23.1 ppm, 27.4 ppm, 30.7 ppm, 32.4 ppm, 34.6 ppm. 
and 38.3 ppm. No other peak resulting from a branched structure Is observed. From the spectrum, tiie 
number of the metivyl branches and the hexyl and higher branches are found to be respectively 22 per 
1000 cartwn atoms. No branches having 2 to 5 cartxms was found In the polymer. The g-vahie was 0.70. 



20 



Example 2 



Into a 2-Hter magnetic-stlrrerHype stainless steel reactor, which had been purged suffidentiy with 
nitrogen, there were added SOO ml of toluene, 2^ mmol of bi8(1>-cyck)octadtene)niclcel. and 2.0 nrunol of 

25 bis<trimethylsltyl)amino-bis(trimethylslly8mino)phophorane. The inskie temperature was adjusted to 20 * C. 
Thereto 50 ml of 1-butene was added. Then ethylene was fed to maintain the Inside pressure at 25 
kg/cm%. and to cause polymerization reaction for 3 hours* 

After completion of the reactkxi, the unraacted ethylene was removed, and the catalyst was de- 
composed witti a hydrochtoric acki solution In methaiKH. The reaction mixture was poured Into ntethanol to 

so recover the polymer. The fBcovered polymer was dried under vacuum for 8 hours to give 140 g of polymer. 
The melting point was 83.8 * C as determined by DSC, and the limiting viscosity was 0.86 dl/g at 140 * C In 
d»chlorot>enzene. 

The number of ttie metfiyl branches was found to be 23 per 1000 cartx)ns and the number of the hexyl 
and higher t)ranches were found to be 24 per 1000 cartxxt atoms. No fciranches having 2 to 5 carfoorts was 
36 found in the polynter. The g-value was 0.69. 

Example 3 

40 Into a 2-fitar magnetic-stirrsrHype stainless steel raactor, which had been purged sufflclentiy witti 
• nitrogen, there were added 500 ml of tokiene, 1.3 nunoi of bi3(1 .5-cyciooctadlene)nickel. and 1.3 mmol of 
bis(trin>ethylsifyl)anuno-bis(trinnethylsilylirnino)phophorar)e The inskie temperature was adjusted to 20 * C. 
Thereto 47 ml of 1-decene was added. Then ethylene was fed to maintain the inskie pressure at 25 
kg/cm'G. and to cause polymerization reaction for 24 hours. 

46 After compietton of the reaction, ttte unreacted etiiylene was removed, snd the catalyst was de- 
composed wttti a hydrochkxtc ackl solution in methanol. The reaction mixture was poured into metiianol to 
recover the polymer. The recovered polymer was dried under vacuum for 8 hours to give 80 g of polymer. 
The melting point was 92.5 * C as determined by DSC, and ttie limiting viscosity was 1 .03 dl/g at 140 * C in 
dichlorobenzene. 

so The number of the methyl branches was found to tw 18 per 1000 cartxra snd the number of the hexyl 
and higher branches were found to be 16 per 1000 carbon atoms. No branches having 2 to 5 cartx>ns was 
found in the polymer. The g-vaiue was 0.73. 



66 Example 4 

Into a 2-11ter magnetic-stirrer^type stainless steel reactor, which had been purged suffidentiy with 
nitrogen, there were added 500 ml of toluene, 2.0 mmd of bls(1.5<yclooctadiene)nlckel, and 2.0 mmol of 
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bi8(trimat^ytojty1>amtno-bf8(trimethylsiiyamino)p^ophorano. The Inskte temporatur* was adjusted to 20 * C. 
Thereto 65 ml ol 4-methyhl-pentene was added. Than ethylene was fed to maintain the inside pressure at 
25 kg/cm^. and to cause polymerization reaction for 3 hours. 

After completion of the reaction, the unreacted ethylene was removed, and the catalyst was de- 
5 composed with a hydrochloric add solutk)n In methanol. The reaction mixture was poured Into methanol to 
recover the potymer. The recovered polymer was dried under vacuum for 8 hours to ghre 120 g of poiynwr. 
The melting point was 94.1 ' C as determined by OSC, and the Umltlng viscosity was 1 .15 dl/g at 140 ' C in 
dichlorobenzene. 

The number of the methyl branches was fbund to be 21 per 1000 carbons and the number of the hexyl 
10 and higher branches were found to be 22 per 1000 caiton atoms. No branches having 2 to 5 cartx)ns was 
found in the polymer. The g-vakie was 0.68. 



Example 5 



Into a 2-liter magnetic-stfrrer-type stainless steel reactor, which had been purged sufficiently with 
nitrogen, there were added 500 ml of toluene, 2.0 mmd of t>ls(1.5-cyciooctadiene}niclcel, and 2.0 mmol of 
bis(tr1mathylsilyiyamlrK>-bls(trimethyt8tlynmlno)phophorana. The inside temperature was adlusted to 20 * C. 
Thereto 5 ml of 1 -butane was added. Then ethylene was fed to maintain the inside pressure at 25 kg/cm^Q, 

20 and to cause polymerizatton reaction for 3 hours. 

Aftsr completion of the reaction, the unreacted ethylene was removed, and the catalyst was de- 
composed with a hydrochloric add solution In methanoL The reaction mfoeture was poured Into methanol to 
recover the potymer. The recovered potymer was dried under vacuum for 8 houre to ghre 105 g of polymer. 
The melting point was 90.3 *C as determined by DSC. and the limiting viscosity was 1.12 dl^ at 140 * C in 

26 dichiorobenzene. 

The number of the methyl branches and the number of the hexyl and higher branches were found 
respectivety to be 20 per 1000 cartxm. No txanches having 2 to 5 cartx)ns was found in the polymer. The 
g-value was 0.67. 



Example 6: 



Ethylene was polymerized In the same manner as In Example 1 except that 1-hexene used In Example 
1 was not added. 16 g of polymer was produced. 
38 The polymer thus produced showed a meWng point of 88.3^. and a limiting viscoeity of 1.93dl/g. The 
nurrtber of the methyl brartches and the rujmber of ihe hexyl and higher branches were found respectively 
to be 20 per 1000 cartx)n8, and no branches having 2 to 5 carbons were found in the polymer. The g-vaiue 
was 0.70. 



Claims 

1. A polyethylene, characterised In that it has 1 to 60 methyl branches and 1 to 60 hexyl or higher 
branches per 1000 cartxm atoms, a g-value of less ttian 1 and a limiting viscosity M of 0.005 to 20.0 dl/g 

45 as measured at 140* C in o-dichlorobenzene. 

2. A polyethylene as dalmed In Claim 1 characterised In having a g-value of 0.5 to 0.8. 

3. A polyethylene as claimed in Claim 1 or Claim 2 characterised In that It has substantially no C2-Cs 
branches as determined by ^^NMR spectroscopy. 

4. A method for produdng a polyethylene by polymerizing ethylene characterised in that it uses a 
so catalyst system comprlslr>g a coordlruiion nidcel compound of zero- or two-valent nickel and an aminobis- 

(lmtno)pho8phor8r)e represented by a general formula (I): 



ss 
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P - N (I) 
^ \ 

r2 - N 



where R\ R', H* and may be the same or cflfTerent from each other and represent n-alkyl. isoaflcyl. aryl 
or triafkylsilyl grouQa and the polymerlsBtion la carrtod out In the presence of a-olefln. 

5. A method as claimed In Claim 4 characterised In that the coortfinatlon nickel compound is selected 
from the group conalstlno of btecydoctadlenenicfcel, cyclododecatrienenlckel, cydooctatatraenenickel mui 

15 bisallylnidceL 

6. A method as claimed In Claim 4 or Claim 5 characterised in that the amlnot){a(lmlno)pho8phorane is 
bis(trimethyla*lyl)amino-bis(trimethylsllySmirK>)pho8f^ 

7. A method as diOmed in Claim 4, 5 or 6 charactariaed in that the molar ratio of the coordination nldcel 
compound to the aminobi8(lmino)phosphorane la 1:1 to 1:100. 

30 a A method as claimed in Claim 4. 5. 6 or 7 characterised In that the o-olefin has 3 to 20 carbona. 

9. A method as claimed in any one of Claima 4 to 8 characterised in that the polymerisation la done at 
a temperature ranging from -78 to 200<^. 

10. A method as claimed In any one of Claima 4 to 9 charactariaed in that the polymerization is done at 
a pressure ranging from 1 to 200 kg/tm^Q. 
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